This paper describes a power supply for charging a 6.66yF capacitor rated at 30kV (3kJ) in 40 ms. The primary supply is a DC source with approximately 650V. The power supply uses an H-bridge rated at 1200V and 2400A, operating at 10 kHz. A custom build step-up transformer and a rectifier bank are connected on the output of the H-Bridge. A Motorola HC-12 micro-controller is generating the gate drive signals for the IGBTs.
INTRODUCTION
Recent advances in Isolated Gate Bipolar Transistor (IGBT) technology enable the design of compact, switch-mode power supplies capable of charging a 3kJ capacitor bank at a rate of 20 times per second in a burst mode. To achieve this performance level, the IGBT technology is most critical, since semiconductors can be destroyed even during short time overload conditions. To ' ensure reliable operation, the junction temperature of the devices must not be allowed to exceed approximately 125" C, since this would lead to a loss of voltagehold-off capability and subsequent catastrophic failure. To evaluate the device capability for short-term operation beyond the published steady-state ratings, the transient thermal resistance for the timeframe under consideration must be known. The transient thermal resistance is much smaller than the steady-state thermal resistance and is due to the heat capacity of the support material(s) for the semiconductor die. Typically, the heat capacitance of the semiconductor die itself, the heat capacity of an isolator plate and the heat capacity of the IGBT casing are considered. The heat capacity is sometimes referred to as "thermal inertia".
The high power IGBT modules, which have been used for this project, have large cooling fins for heat removal. However, for operation in short-term burst mode, the aluminum base-plate is absorbing all the heat and the cooling fins have been removed to improve the compactness of the design.
DETAILS OF THE POWER SUPPLY
The rapid charging power supply consists of seven basic elements, which are listed below. A computer simulation of the operation of the power supply are given in Ref. The main DC bus buffer was constructed using a combination of electrolytic capacitors, rated at 1500yF, 450V each. To accommodate the DC bus voltage capabilities of the IGBT inverter modules, the electrolytic capacitors were used in a series combination of 2 capacitors. To aid in the voltage sharing, we developed a balancing network using resistors and Metal Oxide Varistors (MOV's). The total rating of the installed capacitors was 18,000 pF, 900 V. Measurements involving an RC discharge through a safety dump resistor indicate that the actual DC bus capacitance is 22,000 pF. Figure 2 shows the lower section of one of a total of six capacitor modules. The inverter was controlled by Pulse Width Modulation (PWM). The required PWM signals were generated using a HC12 microcontroller made by Motorola. The switching frequency of the PWM signals was 10kHz. This frequency minimizes the volume of the transformer and is within the switching capabilities of the IGBTs. The micro-controller provides control flexibility for adaptation to the varying load capacitor voltage during the charging process. Initially, when the load capacitor is completely discharged, a start-up pulse-width can be set. Pressing a pushbutton switch starts the charging process. As the capacitor voltage rises, the pulsewidth is steadily increased to maintain the charging current. The rate of the pulse-width increase is programmable in a wide range, so that the optimum setting can be found experimentally. After 40 ms, the HC12 controller turns the drive signals off and requires a reset before the next charging cycle for safety reasons.
The IGBT inverter directly drives the primary of the step-up transformer. The transformer is a custom unit, which was manufactured by Stangenes Industries, Inc., Palo Alto, CA. A picture is shown in Figure 4 . To improve the isolation, the transformer was placed in oil. The rated primary and secondary voltages are 500V and 30,OOOV respectively. The rated output current on the high voltage side is 10 amps. The transformer was designed for an operating frequency of 10 kHz.
The rectifier is a normal single-phase, full wave rectifier consisting of 4 diode modules (Ref. 2, p. 92) . The individual diode modules are made up of a series combination of 64 individual fast recovery diodes, rated at lOOOV, 3A each. A grading network of resistors and capacitors controls the voltage sharing among the individual diodes.
The load capacitor was constructed using a parallel combination (bank) of four capacitors, rated at 1.85pFI 60kV each. The capacitors were manufactured by Aerovox (httD://www.aerovox.com/). The capacitance of the load capacitor bank was 7.4pF, which was slightly higher than the nominal design target. The required charging voltage was 30kV. Figure 5 shows a photograph of the complete system mounted in a standard 19" industrial cabinet. Figure 6 shows typical waveforms for the AC output voltage of the inverter, the primary current of the transformer, and the charging voltage of the load capacitor. This data was taken using a Tektronix model TDS420a (htttx//www.tek.com/) digital oscilloscope. The AC output voltage of the inverter (upper trace) was measured using a Tektronix P5200 differential Probe with a setting of 500:l. The bandwidth of this probe is 20MHz. A Pearson 4997 current monitor with a response of lOmV/Amp was used to measure the current (middle trace). The charging voltage of the load capacitor is represented by the lowest trace, which is partially covered by the other two signals. It was measured using a voltage divider with a 1OOO:l attenuation ratio. The measurement "C1 Max" in the upper right corner of Figure 6 reads 30.5V with corresponds to a maximum charging voltage of 30.5 kV for the load capacitor. Figure 6 shows the waveforms during the entire 40 ms charging interval. 
RESULTS

CONCLUSIONS
A high power capacitor charger has been successfully designed and tested. The device uses state of the art IGBT technology and is compact considering its ratings. The charger has been operated beyond the stated performance target (charging 6.66pF to 30kV in 40ms) without failure. Careful examination of the performance data for the system shows, paralleling of the IBGT modules may not be necessary. In addition, the electrolytic bus capacitors could be replaced with smaller units. Both measures would lead to further a significant reduction in size compared with the present state.
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